Mortality and cancer incidence were studied in men exposed to inorganic mercury at eight Swedish chloralkali plants where individual biological monitoring data were available. Urinary mercury excretion has declined from about 200 pg/l during the 1950s to less than 50 pg/l today. These workers had also been exposed to chlorine and static magnetic fields. At some of the plants there had been a low degree of exposure to asbestos. In total, 1190 men had been monitored for at least one year between 1946 and 1984. Their mortality and cancer incidence were compared with those of the general male population. Mortality from all causes was not significantly increased (rate ratio = 11). Cardiovascular mortality was slightly increased (rate ratio = 1-3; 95% CI 1-0-1 5) for no known reason. An excess of lung tumours was seen (rate ratio = 2-0; 95% CI 10-
exposed to chlorine and static magnetic fields. At some of the plants there had been a low degree of exposure to asbestos. In total, 1190 men had been monitored for at least one year between 1946 and 1984. Their mortality and cancer incidence were compared with those of the general male population. Mortality from all causes was not significantly increased (rate ratio = 11). Cardiovascular mortality was slightly increased (rate ratio = 1-3; 95% CI 1-0- 1 5) for no known reason. An excess of lung tumours was seen (rate ratio = 2-0; 95% CI 10-3 8), possibly caused by previous exposure to asbestos. Mortality from non-malignant diseases of the brain and the kidneys, the main target organs in mercury poisoning, was not increased, nor was the incidence of brain tumours (3 observed v 1 1 expected) or kidney tumours (3 observed v 1 9 expected).
Elemental mercury vapour (Hg°) is readily absorbed through the lungs. It is oxidised in the blood and various organs to the divalent form (Hg2+). In the elemental form, however, it can pass the blood-brain and placental barriers.' The critical organs after exposure to mercury vapour are the central nervous system and the kidneys. Symptoms of poisoning include neuraesthenic symptoms, personality changes, and tremor.' Exposure to inorganic mercury may also cause glomerular or tubular renal disease. Cases of glomerulonephritis and an increased prevalence of glomerular proteinuria and tubular enzymuria have been shown in groups occupationally exposed to mercury. '2 Inorganic mercury is eliminated by urinary and faecal excretion. The mainpart ofthe body burden is eliminated with a half time of about two months' but compartments with long half times probably exist.'
In individuals with occupational exposure urinary or blood mercury are used for biological monitoring.
Mercury compounds are genotoxic, mainly by inhibiting the mitotic spindle, but the direct mutagenic effect of the inorganic forms seems to be low.67 Cytogenetic studies in subjects exposed to mercury vapour have in most cases shown no effects on human chromosomes.89 Few studies of cancer in animals after exposure to mercury compounds have been reported and none used inhalation of mercury vapour as the route of exposure.'0 " Three epidemiological studies have been published on the mortality or cancer morbidity in groups with occupational exposure to inorganic mercury. In a British study the proportional mortality in nonmalignant genitourinary tract diseases was reported to be higher in chloralkali workers than in other factory workers.'2 In a United States cohort of workers at a plant in the nuclear weapons programme mortality was studied in a subgroup exposed to mercury vapour. There was a slight excess of deaths from lung cancer in all subgroups. The authors, however, considered the excess related to other factors than the exposure to mercury.'3 In a recent Swedish study the incidence ofbrain tumours among dentists and dental nurses was about double that expected. Exposure to mercury from dental amalgam was discussed as a possible causative factor. '4 The aim of the present study was to examine the mortality and cancer morbidity in Swedish chloralkali workers with long term, and previously high, exposure to inorganic mercury.
Barregdrd, Sallsten, Jdrvholm In subjects where only blood mercury had been determined B-Hg was transformed into U-Hg by multiplying by 2-5, a crude ratio of U-Hg/B-Hg suggested in published reports."6 As mentioned above, the total accumulated Hg dose is not known for those individuals exposed before biological monitoring started in the chloralkali industry. We therefore also divided the material into subgroups with "complete" and "incomplete" biological monitoring.
When dose specific ratios of mortality and cancer incidence were calculated, person-years were accumulated when the subjects had reached the lower limit of the accumulated Hg dose in the exposure groups.
A survey was also made of the use ofasbestos at the chloralkali plants at different periods. From these data it was noted which subjects might have been exposed to asbestos.
Results
About 25% of the subjects had an accumulated mercury dose exceeding 1000 years.pg/l (table 2) . Of 1190 subjects, 457 had a possible, in most cases low grade, exposure to asbestos. Table 3 shows the observed and expected incidence of cancer. The incidence of lung cancer was twice the expected, just statistically significant. No excess of tumours in the brain and kidneys, critical organs for mercury, could be shown. Observed and expected numbers, however, were small. In table 4 the data on lung cancer are compared with the accumulated mercury dose. There was no dose response relation and the data in each stratum are sparse. Most cases of lung cancer occurred among the men with possible exposure to asbestos. In the subgroup with complete biological monitoring, and for whom the "true" latency time was well known, the rate ratio (all tumours) increases with increasing latency time (table 5) .
CANCER INCIDENCE AND MORTALITY
No excess deaths from non-malignant diseases of the central nervous system or the kidneys could be shown but the numbers are too small to permit a risk assessment (table 6) .
There was an increased mortality from diseases of the circulatory system, when allowing for at least ten years of latency time. This tendency was seen for ischaemic heart diseases and cerebrovascular dis- The incidence of lung cancer and the cardiovascular mortality were higher than expected in this cohort of chloralkali workers. When discussing the possible effect of their exposure to mercury, it is necessary to assess some potentially confounding factors.
Exposure to asbestos is a well known risk factor for lung cancer. At one of the chloralkali plants (No 7) diaphragms of asbestos had been used and changed In recent years shiftwork has been mentioned as a possible risk factor for cardiovascular diseases. 22 The mechanism is unknown. In the present cohort about half the subjects were shiftworkers. If shiftwork does increase the risk of cardiovascular disease this might at least partly explain our results.
These workers had also been exposed to chlorine and strong static magnetic fields. The temperature in the cell rooms was sometimes high. None of these factors has, however, been proved to cause lung cancer or cardiovascular deaths.
Of the three classic individual risk factors associated with cardiovascular disease, smoking was mentioned above. We know nothing about cholesterol levels or blood pressure in the cohort members.
We can see no reason, however, why subjects with high cholesterol levels or high blood pressure should work more often at chloralkali plants.
CHEMICAL EXPOSURE AND CARDIOVASCULAR DISEASE
Little information is available about environmental agents (other than lifestyle factors) associated with cardiovascular disease.2324
Carbon disulphide and nitrates are the best documented cardiotoxic occupational risk factors. Among the metals, there is some evidence that lead may cause hypertension and there are also reports of Glomerulonephritis could be more serious. In the British proportional mortality study of 91 chloralkali workers there were two deaths from nephritis or nephrosis between 1945 and 1960. There were three deaths (one in connection with systemic lupus erythematosus) among 375 non-exposed dead workers in a reference group. Data on age distributions and exposure to mercury are lacking. In a study at the same plant the proportional mortality from kidney disease 1972-9 was not increased among workers exposed to mercury. '2 In the United States mortality study'3 there was only one case of nephritis compared with two expected during the observation period 1953-78. In our study there was also only one case versus 0-8 expected (without latency). That subject had been exposed to mercury for at least four years. No other specific cause of the disease was found.
In total, these studies indicate that the mortality from non-malignant kidney disease in chloralkali workers exposed to mercury has not been substantially increased during the past few decades. It should, however, be noticed that a mortality study today is not a sensitive method for detecting nephritis in an exposed population when dialysis and transplantations are in general use.
There were three kidney tumours versus 19 expected (table 3) . The numbers were about the same (without latency) in the United States mortality study.'3 The cohorts are too small to detect a moderately increased risk. The power of the present study allows a chance of 80% to show a fourfold increase of kidney tumours (a = 0-05, one-tailed).
Non-malignant central nervous system mortality could be discussed in a fashion similar to that on nephritis. Mercury certainly affects the brain but probably not in a way that increases mortality in nonmalignant diseases.
Our finding of three brain tumours versus 1 1 expected (table 3) seems to support the report among dental personnel'4 but it is also consistent with no increased risk. The present study has a low power (# = 0 8 to show a sixfold increase ofbrain tumours).
The mean exposure to mercury vapour in chloralkali workers is and has been five to ten times higher than that of dental personnel. 28 The point estimate of the rate ratio (and 95% CI) was 18 (12-2-7) among dental personnel (all brain tumours) and 2 7 (0 5-7 7) in the chloralkali workers. One could claim, therefore, that if exposure to mercury vapour was the cause of brain tumours in dental personnel there is hardly any linear dose response relation.
Conclusion
In summary the incidence of lung cancer was increased in the chloralkali workers, possibly due to the previous use of asbestos. Cardiovascular mortality was slightly raised, the reason for this being unknown. The mortality from non-malignant diseases of the brain and the kidneys, the main target organs after exposure to mercury, was not significantly increased, nor was the incidence of brain or kidney tumours. 
